Purpose. To evaluate the usefulness of a commercially available computer-assisted diagnosis (CAD) system on operable T1 cases of lung cancer by use of digital chest radiography equipment. Materials and Methods. Fifty consecutive patients underwent surgery for primary lung cancer, and 50 normal cases were selected. All cancer cases were histopathologically confirmed T1 cases. All normal individuals were selected on the basis of chest computed tomography (CT) confirmation and were matched with cancer cases in terms of age and gender distributions. All chest radiographs were obtained with one computed radiography or two flat-panel detector systems. Eight radiologists (four chest radiologists and four residents) participated in observer tests and interpreted soft copy images by using an exclusive display system without and with CAD output. When radiologists diagnosed cases as positives, the locations of lesions were recorded on hard copies. The observers , performance was evaluated by receiver operating characteristic analysis. Results. The overall detectability of lung cancer cases with CAD system was 74% (37/50), and the false-positive rate was 2.28 (114/50) false positives per case for normal cases. The mean A z value increased significantly from 0.896 without CAD output to 0.923 with CAD output (P = 0.018). The main cause of the improvement in performance is attributable to changes from false negatives without CAD to true positives with CAD (19/31, 61%). Moreover, improvement in the location of the tumor was observed in 1.5 cases, on average, for radiology residents. Conclusion. This CAD system for digital chest radiographs is useful in assisting radiologists in the detection of early resectable lung cancer.
INTRODUCTION
P atients with surgically resected lung cancers show a better prognosis than nonresected patients. 1Y 4 Detection of T1 cases, which have a better prognosis, is important in reducing mortality due to lung cancer. 2Y 4 Chest radiography is the most frequently used modality for screening of lung lesions because it is popular and convenient. However, diagnosis of early lung cancer via chest radiographs may be a difficult task for radiologists, because a large part of the lung may be concealed by the overlying thoracic cage, mediastinum, large vessels, and diaphragm. Moreover, contrast resolution in chest radiography is too low to allow the detection of subtle opacities caused by small lung tumors. 5Y8 Detection failure is primarily attributed to indications being overlooked by interpreters. 8 To improve lung cancer detection on chest radiograph, it is important to reduce the number of overlooked lesions by interpreters. The purpose of using computer-aided detection (CAD) systems is to achieve efficiency in diagnostic work by reducing reading time and by improving the accuracy. Several previous studies showed that CAD systems for lung nodules could significantly improve the diagnostic accuracy on chest radiographs.
9 Y12 However, most previous studies were based on a consistency test in which the same cases were used for training and testing the CAD system, and no observer study was performed on consecutive cases of resectable early lung cancer. Verifications for the usefulness of practical CAD systems must be performed by using such cases, because one important task of a screening system for lung cancer is to detect patients with better prognosis.
5Y8
In May 2002, we developed an interpretation system for chest radiographs in which we refer to CAD output images. A commercially available system for nodule detection on chest radiographs was integrated into the hospital's picture archiving and communications system (PACS). CAD has a potential to make great progress in the future by linking imaging equipment such as computed radiography (CR) or flat-panel detectors (FPD) to PACS.
13, 14 The purpose of our study was to evaluate the usefulness of a commercially available CAD system on operable T1 cases by using digital chest radiography equipment.
MATERIALS AND METHODS

Patients
From August 2002 to December 2003, 97 patients underwent curative operations for primary lung cancer. In all cases, the diagnoses of primary lung cancer and their stages were histologically confirmed. Our institutional review board approved this study, and informed consent was obtained from all study subjects. One chest radiologist and one thoracic surgeon closely examined each case by referring to chest radiograph, computed tomography (CT), surgical records, and histopathology records. Among the 97 cases, 47 were omitted for the following reasons:
1 36 cases due to T factor of 2 or more, 2 6 cases due to multiple lesions, and 3 5 cases due to nonvisualization of lung cancer on a chest radiograph. When there were two or more chest radiographs for one case, the one nearest to an operation day was used. Finally, 50 consecutive cases with primary lung cancers and 50 normal cases were selected. All cancer cases were histopathologically confirmed T1 cases (3 cm or less in greatest dimension of the tumor) and have only solitary pulmonary lesion. All normal cases were selected based on chest CT confirmation and were matched with cancer cases in terms of age and gender. Gender and age of subjects were as follows: 25 male and 25 female and 44 Y 84 years (mean 66.5) for lung cancer cases, and 24 male and 26 female and 52Y82 years (mean 65.4) for normal cases.
Chest Radiography
Chest radiographs were obtained via CR (FCR 5501D, Fuji Photo Film, Tokyo, Japan) or digital radiography with a FPD (CXDI-11, Canon, Tokyo, Japan, and Thorax FD, Siemens, Erlangen, Germany). Image data from CR and FPD were stored in the hospital's PACS with a 2K Â 2K matrix, 10-bit grayscale and a 2K Â 2K matrix, 12-bit grayscale, respectively. Image data used were obtained for 30 cases with CXDI-11, 17 cases with FCR 5501D, and 3 cases with Thorax FD for cancer cases, and 30, 18, and 2 for normal cases, respectively.
CAD System and Observer Performance Study
The CAD system (EpiSight/XR, Mitsubishi Space Software, Amagasaki, Japan) was designed to detect tumors of 3 cm or less on posteroanterior chest radiographs. Eight radiologists (four chest radiologists and four residents) participated in observer studies and interpreted soft copy images by using an exclusive display system with and without CAD output. In the observer performance study, only posteroanterior chest radiographs were displayed on an exclusive system with two 3-megapixel monochromatic liquid crystal display monitors (Truedia/XR, Mitsubishi Space Software, Amagasaki, Japan, and DOME C3i, Planar Systems, Beaverton, OR, USA). The observers were permitted to manipulate the monitor brightness and contrast with a mouse. This system is able to automatically calculate the area under the ROC (receiver operating characteristic) curve by using the computer program LABROC5 provided by Metz et al. 15 A continuous rating scale with a linemarking method was used to record each observer's confidence level regarding the presence or absence of lung cancer. Chest radiographs with lung cancer and normal cases were presented in random order and the sequence was the same for all observers. Each observer interpreted all images in one session. The radiographs were first shown for conventional interpretation, and the observer marked his/her confidence level by marking on a bar on the lower part of the monitor screen. When observers diagnosed cases as positives, the locations of lesions were recorded on paper hard copies as a numeral 1 with a red pencil. The CAD output image was then displayed on the other monitor. The observer then viewed the CAD output image and the radiographs and marked his or her confidence level on the same bar. When observers diagnosed cases as positives and changed the location of a nodule, the new location of the lesion was recorded on hard copies as 2 without erasing numeral 1.
Analysis
The overall detectability of lung cancer and the false positive rate were calculated as output of the CAD system. ROC analysis was used for comparison of observer performance in detecting lung cancer with and without CAD output images. Estimates of the area under the ROC curve (A z value) were computed by using the computer program LABROC5. The observers' performance was evaluated by ROC analysis in the detection of lung cancer with and without CAD output images. The difference in A z values between with and without CAD output images was analyzed by using a paired t test. The influence of CAD, including changes in the diagnosis between analysis with and without CAD, and the location of lesions detected by the observers were analyzed.
RESULTS
For lung cancer cases, the overall detection rate of the CAD system was 74% (37/50). There were 139 detections of lung cancer on 50 radiographs. Among them, 37 detections were true positives. For normal cases, there were 114 detections on 50 radiographs. Thus, the false-positive rate for lung cancer and normal cases was 2.04 and 2.28 false positives per case, respectively. The mean A z value for all observers increased significantly from 0.896 without CAD to 0.923 with CAD output (P = 0.018) (Fig. 1) . Increases in mean A z values ranged from 0.859 to 0.897 for residents and from 0.933 to 0.950 for chest radiologists ( Table 1) .
The relevant change in diagnosis for all observers, including residents and chest radiologists, were analyzed (Fig. 2) . The main cause for the improvement in performance was traced to changes from false negatives without CAD to true positives with CAD (19/31, 61%) (Fig. 3) . For residents, considerable changes from false positive to true negative were noted (10/22, 45%). Ratio of beneficially changed cases to detrimentally changed cases was higher for chest radiologists (9 to 2) than for residents (22 to 13). Most of deteriorated cases (13/15, 87%) in performance were observed among residents. For residents, changes from true negative to false positive (n = 7) and from true positive to false negative (n = 6) were almost equal. On the other hand, there were only 2 deteriorated cases for chest radiologists. Moreover, improvement in the location of the tumor was observed in 1.5 cases on average (a total of 6 cases) for residents. For chest radiologists, there was no case for which the location of the tumor was changed by CAD. In one candidate (left apex), early lung cancer is located precisely. In this case, the diagnosis by three observers was improved from false negative to true positive by reference to the CAD output.
DISCUSSION
Prerequisites for a suitable modality in cancer screening are simplicity, low cost, high detectability, and high specificity. Chest radiography is predominant over other modalities with regard to simplicity and low cost. There are arguments both for and against the usefulness of chest radiography as a screening modality for lung cancer.
7,16 Y18 A negative aspect of chest radiography as screening modality for lung cancer is mainly low detectability of lung nodules. 19, 20 The most frequent cause of failure in lesion detection on chest radiograph is missed lesions by interpreters. 8, 21 To improve the detectability of lung cancer on chest radiographs, it is important to reduce the number of overlooked lesions by interpreters. One method to reduce overlooking of subtle lung cancers by interpreters is CAD of lung nodules. Recently, several previous studies reported on the usefulness of CAD systems for chest radiography. 9, 10 However, these studies used consistency test or validation test by using selected cases to evaluate the usefulness of CAD systems. In these studies, case selection bias cannot be denied. Furthermore, in consistency tests, observer performance studies were performed by use of positive data that were used to train the CAD system. Under such conditions, we cannot evaluate the true performance of CAD systems. Thus, we designed the observer performance test of this study by using consecutive lung cancer cases.
The detectability of lung cancer and the false positive rate of this CAD system were 74% and 2.28 per case, respectively. Kakeda et al. 10 reported on an observer performance study in which they used the same CAD system. In their study, the detectability and the false positive rate of the CAD system were 73% and 3.15 per case. In their study and ours, the detectability rate was almost the same, but we obtained a better false-positive rate. We surmise that one of the reasons for our better rate was that we used a newer version of the CAD system. Furthermore, Kakeda et al used chest radiographs obtained by CR only, whereas in our study, most images were obtained via FPDs. Although we cannot directly compare the results of both studies, it was considered that the improvement could be attributed to the use of an upgraded CAD version. Usually, a commercially available CAD system is needed that shows a stable performance for chest radiographs obtained with any equipment. In the past, observer performance studies used only CR or converted data from conventional radiographs by a film digitizer. 9, 10 We verified the usefulness of the CAD system on chest radiographs obtained by CR and FPDs. We believe that this CAD system makes it possible to improve the detectability of lung cancer and to decrease the false-positive rate by further technological developments. However, further studies are needed to examine the performance of this system for each modality of chest radiography.
Results of our study showed a significant improvement (from 0.896 to 0.923) in the A z value of ROC with the use of CAD output images. Improvements in the A z value were similar for residents (from 0.859 to 0.897) and chest radiologists (from 0.933 to 0.950). In designing a CAD system, it is very important to select a decreased false-positive rate while maintaining detectability, or an improved detectability while maintaining the falsepositive rate. There were several cases in which residents changed their diagnosis due to CAD output images; they detrimentally changed their diagnosis with CAD in some cases at a percentage that cannot be ignored (13/35, 37%). On the other hand, although there were nine cases for which the chest radiologists changed their diagnosis with CAD, there were only two cases for which they changed their diagnosis detrimentally. These differences between residents and chest radiologists might result from the extent of their experience. Chest radiologists are not perplexed by the CAD output and can use that output efficiently. Furthermore, there was a total of six cases in which the locations of tumors were improved by residents with the CAD output. These changes were considerable, because only ROC analysis could not manifest these improvements.
Strategies directed at improving the outcome of lung cancer are screening, early detection, and picking up more operable cases. It has been suggested that if lesions are discovered while they are still small, the patients have an early stage of the disease, and this should result in lower lung cancer mortality.
1,2 Recently, new screening trials have been performed with low-dose spiral CT. Prevalence data from these trials have shown that CT can detect smaller nodules compared to conventional chest radiographs. 22Y24 Nevertheless, it remains unclear whether detection of small can-cers by CT will indicate earlier-stage disease and translate into a statistically significant reduction of lung cancer mortality. 25 Our study has several limitations. First, the observer performance study was carried out in a particular situation. In clinical practice, the distribution of positive and negative cases of lung cancer is extremely uneven. Usually, most cases are negative on cancer screening. The cases in our study had only a single lung cancer or no other lesion. On occasion, an inflammatory lesion, benign tumor, rib fracture, or metastatic tumor cannot be differentiated from primary lung cancer. Furthermore, although cases with multiple lesions are frequently encountered in clinical practice, we omitted such cases from our study. Second, our study consisted of observer tests with few observers. Observer performance test with many observers are more reliable. Our study was limited to chest radiologists in our hospital. Third, our observer performance study was done with interpretation based on soft copy chest radiographs, whereas past observer studies with CAD systems used hard copies of chest radiographs. However, several previous studies had shown no clear differences in the accuracy of diagnosis between soft copy and hard copy image quality. 26, 27 Hereafter, interpretation based on soft copy chest radiographs should be considered sufficiently practicable. Fourth, our study was retrospective. An ideal study design is a prospective study of cases that have never been diagnosed. Such prospective studies allow true evaluation of CAD systems.
In conclusion, we evaluated the usefulness of a commercially available CAD system on consecutive T1 cases of operable lung cancer by using several items of digital chest radiography equipment. The overall detectability rate of this CAD system for lung cancer cases was 74%, and the falsepositive rate was 2.28 false positives per case for normal cases. In this study, the mean A z value increased significantly from 0.896 without CAD to 0.923 with CAD output. The main cause for the improvement in performance was attributable to changes of 61% false negatives without CAD to true positives with CAD. Improvement in determining the location of tumor was observed in 1.5 cases on average for the residents, but there was no case for which the location of the tumor was changed by the chest radiologists. This CAD system for digital chest radiographs is useful in assisting radiologists for detection of early resectable lung cancer.
